The tectonic and geodynamic setting of the southern Central Andean convergent margin 21 changed significantly between the Late Cretaceous and the Late Miocene, influencing 22 magmatic rocks at convergent margins and should be given due consideration when 51 evaluating the petrogenesis of arc magmas. 52 
magmatic activity and its geochemical composition. Here we investigate how these changes, 23 which include changing slab-dip angle and convergence angles and rates, have influenced 24 the contamination of the arc magmas with crustal material. Whole rock geochemical data 25 for a suite of Late Cretaceous to Late Miocene arc rocks from the Pampean flat-slab 26 segment (29 -31 °S) of the southern Central Andes is presented alongside petrographic 27 observations and high resolution age dating. In-situ U-Pb dating of magmatic zircon, 28 combined with Ar-Ar dating of plagioclase, has led to an improved regional stratigraphy and 29 provides an accurate temporal constraint for the geochemical data. 30 A generally higher content of incompatible trace elementss (e.g. Nb/Zr ratios from 0.019 to 31 0.083 and Nb/Yb from 1.5 to 16.4) is observed between the Late Cretaceous (~72 Ma), when 32 the southern Central Andean margin is suggested to have been in extension, and the 33 Miocene when the thickness of the continental crust increased and the angle of the 34 subducting Nazca plate shallowed. Trace and rare earth element compositions obtained for 35 the Late Cretaceous to Late Eocene arc magmatic rocks from the Principal Cordillera of 36 Chile, combined with a lack of zircon inheritance, suggests limited assimilation of the 37 overlying continental crust by arc magmas derived from the mantle wedge. A general 38 increase in incompatible, fluid-mobile/immobile (e.g., Ba/Nb) and fluid-immobile/immobile 39 (e.g., Nb/Zr) trace element ratios is attributed to the influence of the subducting slab on the 40 melt source region and/or the influx of asthenospheric mantle. 41 The Late Oligocene (~26 Ma) to Early Miocene (~17 Ma), and Late Miocene (~6 Ma) arc 42 magmatic rocks present in the Frontal Cordillera show evidence for the bulk assimilation of 43 the Permian -Triassic (P-T) basement, both on the basis of their trace and rare earth 44 element compositions and the presence of P-T inherited zircon cores. Crustal reworking is 45 also identified in the Argentinean Precordillera; Late Miocene (12 -9 Ma) arc magmatic 46 rocks display distinct trace element signatures (specifically low Th, U and REE 47 concentrations) and contain inherited zircon cores with Proterozoic and P-T ages, suggesting 48 the assimilation of both the P-T basement and a Grenville-aged basement. We conclude that 49 changing geodynamics play an important role in determining the geochemical evolution of 50 accumulation of sediments in the Chilean trench north of ~33°S (Völker et al., 2013; von 96 Huene et al., 1997). 97 These changes in tectonic and geodynamic setting over time make the southern Central 98 Andes an interesting location at which to investigate changes in the contamination of arc 99 magmas with crustal derived material. Previous studies into the petrogenesis of Cenozoic 100 arc magmas in this region have primarily utilised whole rock geochemistry (e.g., Bissig Parada, 1990; Winocur et al., 2015) and have tended to focus on narrow geological 103 timeframes or geographical areas. In this study a variety of geochronological and 104 geochemical techniques have been applied to both plutonic and volcanic arc rocks, which 105 have been emplaced and erupted over a wide time frame (~73 -6 Ma) and over a wide 106 across-arc extent, from the Principal Cordillera of Chile (-70.8 °W) to the Argentinean 107 Precordillera (-69.1 °W), allowing a more complete picture to be established. 108 A comprehensive new major, trace and rare earth element data set is presented alongside 109 the results of high resolution U-Pb and Ar-Ar age dating. Prior to this study the majority of 110 the age information available for the southern Central Andean arc stratigraphy has been 111 derived from K-Ar dating (e.g., Limarino et al., 1999; Litvak and Page, 2002; Mpodozis and 112 Cornejo, 1988; Nasi et al., 1990; Pineda and Calderón, 2008; Pineda and Emparan, 2006) , 113 combined with some Ar-Ar dating (Bissig et al., 2001 ) and limited U-Pb dating (Martin et al., 114 1997 ). Due to the variable effects of hydrothermal alteration on the arc magmatic rocks 115 (e.g., Bissig et al., 2001; Litvak et al., 2007; Maksaev et al., 1984) some of the K-Ar ages have 116 been found to be unreliable (Winocur et al., 2015) . On this basis, this study conducted high 117 resolution in-situ U-Pb dating of magmatic zircon and Ar-Ar dating of plagioclase in order to 118 improve the regional stratigraphy and to provide an accurate temporal constraint for the 119 geochemical data. In addition, in-situ U-Pb dating has the potential to reveal inherited zircon 120 cores and therefore can be used to identify the age of the continental crust being 121 assimilated (e.g., Beard et al., 2005) . Finally, the results obtained have been used to 122 investigate the growth and evolution of the Andean continental crust and to refine 123 geodynamic models of the evolution of the Pampean flat-slab segment. plate divided into the Nazca and Cocos plates (Lonsdale, 2005) . This caused an increase in 133 convergence rates (from ~8 cm/yr to ~15 cm/yr) and a change from oblique (NE-SW) to 134 orthogonal (ENE-WSW) convergence (Pardo Casas and Molnar, 1987; Somoza, 1998a ; 135 Somoza and Ghidella, 2012). The westward migration of the South American plate is also 136 thought to have been initiated after ~30 Ma (Silver et al., 1998) . After this time the Andean 137 margin became more compressional and the reconfiguration of the subducting oceanic 138 plates has been linked to a period of major uplift, increased magmatic activity, and a 139 broadening and eastward migration of the magmatic arc (Pilger, 1984) . Increased 140 convergence rates (~15 cm/yr) are thought to have been sustained up until ~20 Ma, 141 followed by a gradual decline to present day values (~7cm/yr) (Pilger, 1984; Somoza and 142 Ghidella, 2012). 143 There is currently no active volcanism in the Pampean flat-slab segment due to the low 144 angle at which the oceanic Nazca plate subducts beneath the South American continent 145 (e.g., Cahill and Isacks, 1992) . The JFR began intersecting the Andean continental margin 146 during the early Miocene (~18Ma at ~30 °S) and is thought to have led to the shallowing of 
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There is a geographical gap between the two belts which corresponds with a widespread lull 159 in magmatic activity between ~39 -26 Ma (Parada et al., 2007; Parada et al., 1988) . In order 160 to provide a context for the geochemical data, the Cenozoic arc stratigraphy for the 161 southern Central Andes is outlined below and in Figure 2 . 162 The Paleocene -Eocene belt is located in the Chilean Principal Cordillera (Fig. 1) Martin et al., 1995; Mpodozis and Cornejo, 1988; Nasi et al., 1990) . This primarily intrusive 181 unit consists of fine grained to coarsely porphyritic diorites and granodiorites, and some 182 andesitic porphyries (Bissig et al., 2001; Maksaev et al., 1984) . A number of dacitic and 183 rhyolitic ignimbrites and lava flows located in the Valle del Cura region (Frontal Cordillera, 184 Argentina) have been K-Ar dated between 44 ±2 and 34 ±1 Ma and have been assigned to 185 the Valle del Cura Formation (Limarino et al., 1999; Litvak and Poma, 2005) . However, it has 186 recently been suggested that these Eocene to early Oligocene K-Ar ages may be unreliable 187 due to the high levels of hydrothermal alteration evident in these units and new Ar-Ar 188 dating suggests these volcanic sequences are Oligocene to Early Miocene in age (Winocur et 189 al., 2015) . 190 Following the break-up of the Farallón plate and reconfiguration of the margin at ~25 Ma 191 (Lonsdale, 2005) , the extensive Doña Ana Group was erupted at and near the arc front, has also been identified as coeval with the Tilito Formation . 211 The volcanic Cerro de las Tórtolas Formation also appears on either side of the current 212 Chilean -Argentinean border (Fig. 1) . These lavas were erupted during the middle Miocene Table A3 , Supplementary Material, but is generally 334 determined to be better than 10 % relative (1σ). 335 A subgroup of 39 samples representing each of the major volcanic and plutonic formations 336 were selected for REE analysis via ICP-MS. Select samples were also analysed for U, Th, Pb 337 and Hf concentrations. Sample powders were dissolved using a tri-acid digestion procedure 338 and analysis was carried out on an Agilent 7500ce ICP-MS at the Scottish Universities (Table A7) , and full results are presented in the Supplementary Material. 350 6.1 Geochronological results 351 The results of U-Pb dating and Ar-Ar dating for individual samples are presented in Table 1 . 352 In order to obtain overall U-Pb ages for the Late Cretaceous -Late Miocene samples the (Table 1) ; 'mantle-like' δ 18 O values have been obtained for zircons from 471 these samples (Jones et al., 2015) ; and low 87 Sr/ 86 Sr isotope ratios have been reported for 472 these the Late Cretaceous -Eocene magmatic belts (Parada et al., 1988) . On this basis it is 473 suggested that the observed enrichments in fluid-mobile, incompatible elements (e.g., LILE) 474 and depletions in HFSE and HREE reflect processes occurring in the source region, rather 475 than resulting from crustal contamination and/or differentiation processes. 476 Overall the fluid mobile/immobile TE ratios (e.g., Ba/Nb, U/Th) are highly variable for the 477 Late Cretaceous -Eocene arc rocks (Fig. 7) suggesting that the source region has been 478 variably influenced by slab-derived fluids. A general increase in these ratios is observed 479 between the Late Cretaceous (~72 Ma) and the Eocene (~50 Ma) suggesting an increased 480 influence of slab-derived fluids on the arc magmas with time ( Fig. 8 ). With an increase in 481 fluid flux from the subducting slab an increase in the amount of partial melting occurring in 482 the mantle wedge might be expected. An increase in certain element ratios (e.g., Nb/Zr, 483 Nb/Yb) between the Late Cretaceous and the Late Eocene (Fig. 8 ) could be interpreted as an 484 indication of a decrease in partial melting of the mantle over time. This is at odds with the 485 evidence for an increase in fluid flux from the slab (e.g., increasing Ba/Nb and U/Th (Fig. 8) ). 486 Therefore, these element ratios are interpreted as representing an increase in the 487 enrichment of the mantle wedge, either with subduction derived components (e.g., 488 sediments) and/or due to an influx of asthenospheric mantle. from the trench and therefore over a more dehydrated slab. 546 Geochemical modelling suggests that the compositions of the Miocene Intrusives can be 547 generated from the composition of the Las Máquinas Basalts, by a combination of fractional 548 crystallisation (FC), and assimilation and fractional crystallisation (AFC) processes involving 549 the P-T basement (Fig. 11) , consistent with the presence of inherited zircon in sample 550 RJ11A14 (Table 1 ). It is difficult to separate the effects of FC from AFC processes, as in this 551 case the fractionating assemblage is virtually the same as the mineral assemblage found in 552 the P-T basement. Evidence from O and Hf isotopic composition of zircon (Jones et al., 2015) 553 suggests that the Miocene Intrusives have also interacted with an ancient, Grenville-aged 554 basement, which is present in the Precordillera. The modelling supports the involvement of 555 this ancient basement terrane, however it is apparent that the majority (~85%) of the 556 assimilated crust must be the P-T basement (Fig. 11) . Overall, this suggests that these 557 granitoids, which are located farther away from the trench than the Las Máquinas Basalts, 558 have formed through the differentiation and interaction of these back-arc basaltic melts 559 with the pre-existing Andean crust. 560 The geochemical modelling also suggests that fractional crystallisation of these basaltic These Early Miocene formations also lack any zircon inheritance ( Table 1) (Table 1) . 602 proposed that this source of radiogenic Pb is derived from the sub-arc mantle wedge. 608 However, in addition to Proterozoic aged inherited cores, this study identified P-T inherited 609 zircon cores in samples of the Tertiary Intrusives (Table 1) , thus, suggesting these magmas 610 have also interacted with crust of this age. Radiogenic Pb isotope values (e.g., 206 (Table 1) . 641 The Mid to Late Miocene arc magmatic rocks also have adakitic signatures (Fig. 12a ). 642 Diagnostic geochemical features of adakites and their mode of formation remain 643 controversial (e.g., Castillo, 2012) . Originally it was proposed that adakites formed from the 644 partial melting of young (<25 m.y.), basalt crust being subducted beneath volcanic arcs, 645 where garnet and amphibole are residual phases Kay, 1978) . (Fig. 13a) . 703 
The Early Eocene to Early Oligocene (~50 -27 Ma) 704
This time period is characterised by a reduction in arc magmatism and a transition from the 705 emplacement of primarily plutonic belts in the Principal Cordillera, to arc volcanism further 706 away from the subduction zone trench in the Frontal Cordillera (Fig. 13b ). During the Mid to 707 Late Eocene granitoids and andesitic porphyries were emplaced in the Principal Cordillera, 708 along with a number of intrusions related to caldera formation. In the Frontal Cordillera 709 volcanic deposits were emplaced (e.g., the Botacoma Unit) and incompatible TE ratios (e.g., 710 Ba/Nb, Nb/Zr) suggest these deposits were formed from small degree partial melting of the 711 mantle wedge, with less influence from slab-derived fluids, in comparison to the plutonic 712 belts present in the Principal Cordillera. The more limited influence of slab-derived fluids 713 may reflect the position of this part of the arc further away from the trench, over a more 714 dehydrated slab (Fig. 13b ). An increase in the influence of crustally derived material on the 715 compositions of these arc magmas is also identified between the intrusions emplaced in the 
